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ABSTRACT : PROBLEM TO BE SOLVED: To provide a solid-state image-pickup device which can 
improve spectral sensitivity characteristics and conversion efficiency, and can offer 
superior linear photoelectric conversion characteristics, by reducing noise caused by 
surface capture or scattering of light-generated charge. 

SOLUTION: Positive holes generated in a well region 15 by light illumination are guided to 
and embedded into a high-concentration buried layer 25, which has an impurity 
concentration higher than that of the well region 15, and which is embedded in the vicinity 
of a source diffused region 16 of an insulated gate type field effect transistor formed within 
the well region 15. The threshold of the transistor is changed by changing the quantity of 
the stored holes to detect a change in the threshold as the quantity of received light: 
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HuiE^s y- h s«rr5a!j* h ^ > y;^ (i , Hirie'> x a- 

SfCBulE F >'fet;MpMi: HPiSrSi. ^XWm^ixfzK 

mti V - xim.mm t com) ^^j^fi-wM^tzy- f 

iOTfO'^x/iMl^rtiOV— xteaJtMajiOiejatcaffiB'^x 

izhfz'^xm0.^irx\^^6^b ^nwLb-ttmmm 1 1 
z b inmb -thmiitm i xti 2 izmmcomi^mmm 

C IS^iB 4 ] m^y- F D V^m:^ L , HUE 
V -XteaX^I««{iB?IB^^- F «ffi<7)>4'*a5cOmrie'^x;l^ 

may- h9Mi:mtsJ: 0 izmti'y:i^>imm(r)mmi,zm 
i: ■ri.ii^ja 1 3<7)\,^-i'ixMzimcr>mi^mm 
<r>y- YnmKv^^<r>wmi'mt^ixx^^hz.b^'m'&. 

b^hltm 1 l^'S.A(r)\^-tixmz%m.<^Wmf&M 

<r)^/-7^m,^Wmz%mm^ifWm.^ftX v-xy^u 
'7lHl£&2rffifi!t LX\.^^Z.b ^"W^b^h Mim 1 T^S 5 
cot ^mAHcfe«c7j|lI(*Sft«^ , 

[ fS^Ji 8 ] B!iie#{iBS{i^f :fr|6lS.^/?'J:^l^(cM^ 



mzmm.imm^'ki^L^mmM^mmm^n^b , 

m F 5 > i-'x ^ £75y -xfiSiiM^*^' t tctf M$ tL/^c . 

wmm^zm.\:'r(h>ixtzmL<nmm.^M%b . 

m-b. %mi>\%^^-n^=tb, ^^^\%^x-nm- 
bi^L. mimmzmi'Ti^tirz x^-y^b. 

H?iB#X^ y^co^^^m^\t,^m=Ft>^bh^z^m.^tl 
fz^<^:^^\&Mb . 

mM&m^'k^m-thmmM^m^miimm^b , 
^^m^^im-th:^^^mmm^m^b , 

BuiB7j<Vtt}:?3mt:ffifE§^i, MiaiBKj^IlllfSlcJ: 

tK$ix/c — ^commmy- Fsm^^mF ^ y 

m[iav-X7;ravc7)y-xiti:b icifM $ iXT^cBft^fi-^ 

mmzm^^tix ^^^zb ^'mi b -th i ibm. 9 

^-irixtHzimc^mwmLmmT . 
m^rn 1 1 ] ^Mi,z^ ->x x>m<r>^:i~)vwm^\iz 

wmH\rimwL\^fz^y- Fsmi^sij* f ^ ^i/x^o 
rym.w-yjm,wm.<^mi^zm.m^±itfz. mib'^x 

%mn\.fz%^^^mjr)mzi. ^mwmy- v 
sm^^mF^y-i^'x^c^raffi^^-ft^-fr, %m%.<m. 

[ff^JS 1 2 ] 3tB^lttc J: -5T nMO';7x;P$Ii^i^{c 
^^Lfzm^RV^iHl<7) o ^l^^^m^Sr MIB'^xyi. 
Mltrt tcff^lS F Sm^5*^ F 7 ^ i/'x ^ o 

P SiO y - xii[KSXnS1^03£jatca46iii irfc , HtiiB'^^x 

jummj: K) i.mmm(Onmcommmm.&mizm^^xmm 
'fkfi^g:)^*^ Lxiiktii-thzb^^mb-t^mi^mm 
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[ mt<m 1 3 ] mi^m i jbs i o ^-nxijHztmc^ 

hmmR:/mmv-:^WMmmizmimmi n ticv^m 
ma K b-f >'U.^mmm/mmv-:^iiuWLmmiz^ti^ 

ESrEPjiraL. i}-r>mmY-vmm\,zmwmy-vmM 
Tr%^ v^>-jx9(r>y—h ®^<7),-jf 7^ > ^1-*^ iuie 

ifii«jgJS1132JItcW«:^ix^ i: J: 0 MfS^^- h 
[ 1 4 ] 1 J^S 1 0 ^7)V ^Tix*HciB«Sc7) 

mi^m^m=Fi>zj: :t,^m^miti:ffmzi5 ^ ^x , 

le K ^ ymLmmRi/mn v - xiu^mmii p mxh 

hmMm/mw.y-xtm.m.mizmimi±J: o tmawc 

f^cr,m=F^mis.^^mi^miz. iEfL^m§i^wtmwim 
miih'u^ ymLmm&v^mMv-xiu^m&iz^ 
ti^'iimm LT^s^-fk-r?. ^ t x'mm<7)^mit^fr\'\ 



S3tr>f :t- Kc0^x>'i^-v;UJ; 0 tiS< ^1. J: ^ ^« 

S -l±T mrlEiSmgtSiil Htf IE^#6^m^^ 
H?iEKl/-f >'fii;iiMmtXfitilE:>-'-h-m®3®)f^iI$r 

iziSMrr'^^^mi:mm-^ tttiz, mmMmmm 
&m±^m< ^^ii-mmi^zmm^mm^mfs. l . 
HuiE H yiim.mmRu^-mMy- hmMizmnm.my 
- hmm^m^ h yy'yxi^ii^mimmrcmi^i-^ x o 
'SrKjf^ffis^epjnL, mimmy-hmm^^h^y 
v-'x ^ ^ y - X 7 ^ o >7 izm^ L X mm^%^m^*m 
mmmmmimi,z^m^tifzz 1 1 i ^mmmmy- ^ 
sm^ift* h ^ y=jxi$^cr)mmm&(r>^iti: . h-tis^ 
y- h y y=jxi$^cr>v-xmLmMi(om& 

wmmm^iz ± i> mmmmijm . 

[00013 

mf^mm^izj: ^^m^mmyjmzm l , i o » l < 

[00023 

^l^0BmA^J7-'>'^MX^m51ffl$^^TOS, ^*-T' 

i,. CCD (Siti^-^Si^) {i3tiSJg7&^'i«< , y-fxv 

[0 00 3 3 Li}-L. CCD (mWi^-gi-^^) ictimr 
d =5:^11*-'* 0 . zti(><nmmi,z}&x.(:>i\^tkm(7> 

m^ifimttix^^^. Eii*>. 

(3)Wkmi^^c M o s N'-f xm<^^^mmR^ tm^j:-^ 

X\,^^fzih^ CCD^I,z^^mm^^i:i¥'0j2.i^lz< 
[ 0 0 0 4 3 ^coJ: 3 ^^mzMx.. jfi^. EI#4lfS« 

mitmuzx K>v-rs. ^uy\:xr<^rfu x ^^m-h 

Zti3i^mzti:^X^X^^h , —-n. -i^-'J-^y^^ 
(*c7)#14(-oi,^Tti. MOSS^pf-i^-ty-^-tCCD 
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[0005] ZiXlzMlX. -e^ o > X}$ffic7)jl# 

^ 5 j: 3 tc^ 0 BfS.cr,m±^ m^Zt ti^T^fz . Z <7)fz 
46, X, Yc7)20«Oo-^lOiOIVIOSX-f >y^ggT-5%^ 

[00 0 6] ^(DX'jtc.'^.t^^. CMOSSffiCj:-i,fS 

h ^ yjx^t^^ms&i^^'r.'U :^cr,mm\^izm 

[0007] zcotzih. ^3tt, mwj:m^mmms^^m 
mtLxiTFcomitmtmfhixh. m-h. cmd (ch 

arge Modulation Device : mM^Mm=F) mmt^lmiSiM 

^imm^e 0-14075 2-^^#g. ■mm^e 0-2 
0 6 0 6 s^-'j^m, #PjH^6 - 1 2 0 4 7 3^'^mmiz 
^ra ^ fLT I > ^ . ^ (Dm^i±^m^mf-mmz ccd 
ffj^nm^m'o xivtzm^xhK> , ttz. momi\^± 

-hw&m.tvx\.^h. ^rni^i.zx-yx^LtzmM 

[0 0 08] i-t, BCMD (Bulk Charge Modulated 
Device) SIlf*»^^^{i^f BBS6 4 - 1 4 9 5 9^:^: 

^g^t:^ffl$ixTv^S. mis (a) tc^-tiaic, c: 
<7)S^ i>ffiP¥S:r&]±$-ti:-S>5t*^IVIOS h ^>'>''x^c7) 

y-hBffi7^7=j-hy-hSffi«jtfcL. y^vf- 

V n&. 7 T<7) N Jl 2 ±t;3t^^«?tiOSWl 3 €• 15 ftt 

t^-s-o :7:j- hy'-hm®7ii:To^-v.^^7HS 

mm-hy^x^nuLxvx^^ ^jd, lais (a) 

[0009] $ raii«E^P:^^c7)ia«stift*^ 

{i#M^2-30 4 97 3-^£^|gt2^M$tLTV^i., H 



f yyi^xf^mmco^Hztm^zzt . mf^^ 

mzntXTn'T-yi^^fi'Coi&^-^kz^^-^^m^iftzz 
[0010] za)m^X'i,i. mL^y^ h^'^^-Ht 

^SrKSStLTS^t^^^^-tt. lia^7* ^^5•M5^-F 
[0011] 

{^mtPm^kLXot-thM^ Lti-^Ltcifih. CMD 

siii«s»m«^-c'(i , ^m^mf.zm\-^i>mMti^'=^mwm 

J: ^ ^ V r A Jt^fi!t^^{±|^ L ix^r V ^ i: V ^ 0 fflS^i*, 
BCMDSia^cS^ST^'eJi:, 013 (a) iZ^-f 
ctafc, mWS«il3 3&i7^Fy-h«ffi7T<0^A'^^ 
yWM:^^a4C#lE-ri> F 7 >-i^X:5' zr+^tMW 
$-lt-S.C:t*>'«t<, 013 (b) tc^-TidC, «HfL 

y-X 7 =1- av-C3t5l^m?^ S^«jE^^^^ft^2.±•C•■ 
[ 0 0 1 2 ] , mMmmm 3 i^-cm-^ u r^Mt 

7 ^ F F mffi 7 TO^-v ^^;i^«tt{^*t-BS:?£ L , i- 
^ A-)VWm±mm^^mi,z'^^i, <ryx , A«?t* 

ifhh. ^io\,Z. CMDM^tt^'BCMDSlIflsttM*^ 

(±7 =1- F Fm®if it h\^ozh T-*a L . s^tasco 
M o s mmm^cr>xm^(D^M.=Fmz x h ^iej&Mm^ 

[0013] $ ^>tc, 7 ^ F Ffl:ffi«it-C'{i, mm. 

;j- F F sffiojFMA^'it:^ tts:^m. ^mx'mmcm 

my°'a-^Xtim^^ixhk\^oW\mi^h^ , -gPO^A- 
tlW^l^cOiff tti; 0 , y -X 7 ^ ri^X'±%^mMi: 

m.mzmkth±.x-[-'9tt£wm.m%i>ixti:^^ t\.^r>^ 

[0014] immi. ±^crmmz^?f.X^j:-&ixtzh 
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itz, cMo s(/)mmmmtmtmmmmim^^x 

[00 15] 

9 )i^mLfzm.&Mmifnw.m^f\.fzwm.^m^^z 
^(n^zsDvwmLi.z'f- v^mm^iv\.xY&^^ixfzy 

[0016] if^3S2 co%B3{i:. It3<^ 1 lcE«<^llI«= 
im. 3 cO^H^Ji . M^Jl 1 Xfi 2 tClB® iOiaf*:aM3^^ 

mmiphmi^-/ -x\&mmmz-m.^-f-^^^)vwn^<ry 

[0017] l«*«4i7)|%BB{i- 1 BS3c7)i^-r 

^^^<m\%^^:^ivw>mr>m.m^z^m^ixxii o . fltriE 

YV^ >-t£SScffli^{iBulB^'- hmiS^Htf ct 9 icmflB'^ 
HtrlBy-xfiiiUtmJS^Htf i a tCBiflB'>xyi^MJi«l*lt:Jg 
[0018] fB*^5iO?6B3{i. it^^ IT^M 4 iO>.^-r 

tvc\^hzh^^w.b\^x\^^. mim^(r>wm. m 

^Jl 1 Th-^3<ry^^^t^\,zim(rmm.W^^z\% 0 . 



[0019] if5RJS7 o^Bflti. m^m6i,zMmir>mi¥ 

I. . m^m 8 <7)^B^(± , msm ijbm7(7)\, ^-m^nzm 
mcnmimi&mTizm o , mim{mmm7iji^&t/n 

-^miz^A.X'\,^:^Zbi:mmbLX^^^. m^m9<r)^ 

mii. mis:m8izimcr>mi^mis^m^izm'o . mmn:fj 
^i,z^^mB^m{mm(r)t&By- hmm^^^ h^y 
i^x^oi Yv^ y\m.^mb^b t tit^^fL. mmm 

=jx9cr,y- hmMi}^bi,i,zmm^ix. HuiB^ftttcas 
^^^-^Bt^mmM^m^m^^b. msim:fj\^iz 

9w~xmmm^b nzmm^tifz. mu^mizm. 
^f^tifzw.WL(^mmtii:bmb. msi^mumtim^^^ti. 
^titm^tLfcmtknamxtft^^b . ^minmnitit) 

mi'b. yic^^m'^A^fQ'Fb^^L^ B?IB?'J»cfS 
ifi^ixtix-f -y i-b . mm^x-( -j^coimtiim^tii 
:hWf-ifib h tcigic? ix/i*3i<7>*^ai*ll b . m%m. 
iS:c7)fiii:ai^)^o5 ^ico-o^SiR^-i.TKT^Sfi^S- 
izwm^zmmM^^^^^^^mm.^m^^mm^ 
^m&b^ wimi^M^^m^m^^m.^ix. mmz 
msimz7i^^imm^^im-rh *^^^i#SBi6^ 
m^b. mUy^^x-timzmm^ix. mwm&mn 

yVx9b (D^X'V—xy ^ ay Srfl^fK-f S M^HSS 
b. milV-xyytovcr)V~xtii:hizmm^tifzmm^ 
m^tii:hbi:^-t6Zb^mWLb LTV^^„ 

[0020] imm 1 ocoifigHflji. iiit<« i Jbm9(r>\.^ 
•rni}Hztm<r>mimmm=F^zm <o . mimi^mmm^ 

{±-Oi7)fii2^#:S«tcjgfiJt$ ilX\,-^i,Zb^mmb 

UTv^i., M^JBi lo^B^ji. mi^mm^izxh^ 
m^mmiomizi^ o . 3Wf j; t p '>x/wm«< 

j^/ummf^izmm.Lfzm^y-hmm^ii}}m v- y yyx 
9(r)nmcr>v-xmsL^m<D}Smizmib}Lttitz. buib 
^j^fummx 0 i^mM&copmcomMmfmMizm^^x 
mm^'t, mmmLfzye^iEiicDmiz2:iomimmy 
-hmm^n^Yyyi^x^aymmimt^-^, mmm 
cr>mmi:^^b LT^ffi-rs ^ b ^mwLb lx\>^ 

[002 1 ] it*Ji 1 2(7)^mii. mimmm=Fizjz i, 
^m^mtaijmizm d . mimizji^x nsco-^x/u^ 
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y-hMM^m^ hyy'j:^i^cr:>mm^mt^-±. mm 
[00221 m^m 1 3 o^Bjiti. ia«stiff.«^tCcfc ^ 

tmmMi>zmi¥m!±i:maL. A^omisy- h«®tB« 
laffii^y"- hmm^^m h ^ yi^xis^coy- hmmco^ 

§ ii-T m^m^mms^m<<zmmM± 
^^^m^^. mt^y^u^ yw^WLmma/m^y-v 
mm^zm^m&^m\iL. m%mmE.imj)^mmLfzm 
%^mmm.^m±.iz^-^^-^)v^i5\^i,ziSM^v<r>KmMm 
^mm-^ bbi^iz. mmmmm.tm2<m±^m< ^^^^ 
)uwMizmMd.i~-c^^)u-^ij\^izmm^mm^m^L. m 
le F ytmmmRx/muy- hmMizmsm.my- 

iUf^E^EnjpL. mim.my-hmmn^mh^y'j 

Mmmimhmi,zm^tifc:i tizx 'omimmy- hm 
m^^mh^yi^xis^commmK(m^t^. mimmy 

mz^^hzbX'm-^-^miiii'hztiw^tLx^^ 

[0023] m^m 1 4 oiiBBi. s^s^iis-^tccfc I. 

nmcomi^mmm^tz^ 6 ^m^mtairm^ztii ^-c . m 

nMThK), mi^i^m. miiTm3tm.mm. mm 
Ki^^ ytmmmm/miiv~xi!mmmiipmTh 
0, miT-miifh'^mm. mMi}'iy^ymLmm. ms 
h«®si/iaiay-^«;tiMi^t:i!jf^«ffii; o 



fflfisFu-f ynm.TmMJ^miiv-x^m.mmiz 

yiimmmzmi¥m&^m\i t . Buia^- f 
mMi,zmtiimy~ hMSi^-ss* f y y^Jx s<ny- f 

mtmEMFt'k^m^^. mizYVAy^wMmmm 
tzy- vmm.zm^w&.'^may^ . mtm^wt^nFrim 

W \.tzmmmm!mM}L^z<mM-<riWMmm:'m^'^ 
-I. i: i: 1 1 . hJI e^Sig^aaSi ^ 1^ < ^ V t 

- vmrnzmimmy- fm«^j&* f ^ >- s^;^ ^'^^m 

— vm%,^m% v^y-J7.-9^v —X yi[wr7 {zm^ L 

xmwt%±m'^i3mimmm^m\,zm ^fitzzt 
{c J: hmtmrny-vrnM^m^ h^yi^'x ^commm 

^/~x^^w^m<nw&.^\nz^T. hzb x-\%^^m^-t 

:r.)vmm\xh'>x-/-x^mmjnmixz , Mi.tf f 
i^-f y^^wm.ti^hv-xM.WMmz-^h^-^^-')v^-y5 
n<n-^wm:-h->x . v-x\m.^mm\>z. 

J; 0 i> a V ^-^-WM^m.^^-th^^mhM ( ^ ^ u r 

[0025] mui. 'J y:X^<Dy-hmm^m\'-^^m 
. y-h ■mm(r>fp^3(r>^:!^f\^mmcomm c y -xiii; 

^iitc F 1/ >f yfifc^ffii^^ j^fiSt L , v-xi^mmmi m 

O i 0 lOx;l^J^r*it:iSiiJSaiiJlS:ffM-r-l. . 
i ^^lil£-C'{4, pMcO'^x/i^jastciift?. pSc7)szi 

x.jvm.mi>z iiifhn m<7ymmmm&m(7)m'^ . n m<7)m 

[0026] $ ^>t=. "^X/P^Ifegti^^tr-f Tf- Fi:€ 

mmammtm^mhyyi^'xi^'co^u^ ywMmm 
tii.-m'oi,zm^^tix\^^6. tfz. mmmmohmav 
-xtm.mminm< iz^mi^tix v , m-mmms<mf}^ 
v-xmLm.m<^j^mzmM^ixx^-^^fzi^. 

[ 0 0 2 7 ] fiP*>. pScO-^xyP^l^^fflV^, 3?)»ot^tU 
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[0028] Lfzii^-iX. Mnzx 0 , m.^^Li)m 
(7^tz>ihm-^izm.^X'^Ki:<ti:htz>ib^ :ti)vmmnX'<^ 

[ 0 0 2 9 ] ^srio, -mm^imM<,zm^ixfz±%±m 
■^X'h y- hMM. y^w.mmLU''/-x^^w, 

^tizx*). mm^6 z t i)^x% h . it^n.m^wm 
msjkmp^izmm^ti^t. mmmzmtxy 
^ivij^^^L^ •m^mmtm^p-thtzisb. vyy^jx-^ 

0, mm&ms<m±.i>z^mmmmm^ix. ^^rm 
xmm'mM^i,zmn^ixtz±^mMt^<mmm. 
cTi^ -v 'J Ttmn L , ^-c^-)i'^yy7-!^ yx{im:kt 

[0030] V 
m«jtcR!i£m«t h -mm^rwrn t t ^ ^ t tc i o , h 

liw-f^b. ^/-xyrtu^bLXWmmW.^ixtzVvy 

'jx ^ {i , mmmmz^m. lxv -xmatr^t^ ^ 
[003 1] L*»t . h yy=jx-sfi}mm^mxmw-r 

^tLx\^:h^hzki.zx^. mmc^^^^m^m 

'n'j:LtiMmf>z^£h. 

[ 0 0 3 2 ] if^. %%^n.n<^mm.m.tR^^mcr>m 



mji, ur^i^y-y h t Lxcommmmihm±(7)y- 
h^mm^&^zmm^ix^fzi^. mimm. ^immi- 

•c\ m<^-mE^m<^im'^iicr)^m.mzmi^x^tttz 

[00331 $4>t:. hyyi^X9cr)m.mti^fyi-i^3 

yitixi^t^^. t^-MzitiLxmmm^-ttzt 

- hmmmmx'ii. mma^^mmzx '^mtz^nx 
\,^^fzi^. mmii'mitt. mmmizx^v§m&m. 
^a^T^-^p^at J; ^7t^^y>-^fi^mf)^^mt^j: 

[0034]—:^, Z<7)mn\iZi5\^X\i. hyyi^Xi' 

(Di-^^-fi^mmit. m^m^^mtnL i^mit) mzm 

5ftToi,/ii6, m\^^\UTmimm.-r^iz^(^^ 
i\ m^x. mzmmi,zmm^ixfz^xOTi>. i^ssr 
momz.-rLxv§m^it^j:^ztii^j:< . mm*^^y^ 

[0035] LXhfioi: 0 tc, m^^^mm-t^^^%^m 

fz^-cA^ivm.mY(^'y:i^}i^m^&xLx. v~xim 
m!m^^comm■m.^^it^^tx^•^^ . ep^^, m^^v. 
-m^v-xtium.mm<i.zm>sbhztt>zx^hyy'jx 
^(r)mmm.Bimm-ti>xo^mm.t-rhztx\ 

mm^'^^jimmmK^m^^c m o s ^ ^ - i^'-t y^m^ 

^^■thZhti^X^i,. - 
[0036] 

mcr>mmtz-^^^xm.m-ti>, mm. ^^m<r>mm<r)m 
mizmh c M o s ^ — v-'-fc y^com&mMf^izm-fh 

J; 9(2. ^{aai« 10 1 i^c. ^- K 1 1 1 h 

%m^m!.mmOSYyyl^X9 1 1 2t*i|5^Jgfr^ 
LTV^^, fip-<^, ^^^Mt-Yl 1 imx;l^iSl 
fflMOS h7>'>''X;5' 1 1 2c7)'^x;U«J^l Sti^'-h 

[00371 F 1 1 ic7)>Fjig!R5t£SiiSMi 

7i:3tfi-f-«?ffifflMOS h7>'£^'X;S' 112<7y\iV^y 

fiaSJtiSi^ 1 7 a hfi'^x/MiJ^ 1 'Dcnm.mi.z—wm^zm 

fiSt^ilTV^I. . K ix^ y^SJcffi^ 1 7 a{i 'J y^4it<7)y- 
-htt«^l 9<7)^'hiaa5S:IX'5iaOJ:-5KffM§ii. y>' 
iJ^'^^cO^^- hffiffi 1 9 crt'iP't^mz V-XimmM 1 6 
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[0 0 3 8] ^fc. ^fi-f-i^ajfflMos h^yv-'x^j' 1 
1 2cr)W}i'\Ff^iz'y—hm^i 9T<7)'^x/i^^i 5cDm 

Fl^-f >'fii;H*Mttsl 7a{iF^-f >'fl:ffi (VDD) 

(vscAN) #tii^^2 it:jg^$ix, v-7.tmm.m 

[0039] tfz. ^- K 1 1 1 cr^^.2A 

mz. -^wncr^mmmmi^zmhCMos^ ^-'j 
^y^co^ju xm^immm'km^^xmm-th. 02 
co±ioia(±. mi<r)A-Ammwmizn^^-th. 

[0040] Il3(50±c73|l{i:, f-r ^-/l^MliTc=0'>x;U 
1 5 1^0^^ 'J T#"^ h 2 5 eoftifi 5ri¥ifflti^-r 

^-vUr*.'^-y 1-2 5t:^W§iiTU^i:t:<7). df^'J 
r-tf^^-v h 2 5*:-t-tf#^**lS^ffit^fl=S:H. BP*> 

r r4<"^ y h 2 5 ±£0^ A* ^Vl-P,J^OMte^«{<^«-? 

[004 1] ll4{i:!lli7)B-B^.BfM0-C'^>O, 115 

\im\<r)<z-<zmiWwmx'-hh. m2<r>u7ym>z^-t i^. 

9.(C, pMi/'Jn>*»/i,^^S:Kl l±^c:nM>-'JrJ> 
^Jlh';5'Jri^A'/^^;at, xh°^df£/-v;U« (nMJi) 
1 2^?B^t--l.. tLJi*>#^(*««S-«^-ri.. ^C7)n 

a. m^-^h^&M^Kz^n-'mm^%mth^^ 

1 3hA>J^E)c$iXTV^^, 
[ 0 0 4 2 ] iJrt:. ^3K^-f ^- H 1 1 1 
Tll2&yil4t:i:0IJiBBt-^. IP*>, '>x/l«1^15 

fc , '^z^Ji'W^M. 1 5 i ^ t= n S 

a 1 2i^|ftillCffm$ix/v:^ifiE!|^!lt£«jmJS 1 7 fcTffiJxSc 

jS^ LT . ^-Wm^WM. 1 7 Ji K l^^ y^JI ( V 
D D ) 2 2 ttf g£$tiTIE<^W4lC^NM T>?. 

teSJcnSi^ 1 7 <ryY<r)-^:^)V^Wi. i 5 i*ilc^-rs J: ^ \.z 

tahfz^. ^mm'mm±<n^^^'^mwmmm^zfm^ft 

[0 04 3] <*:tc. Ttfi-f-l^aifflMOS h^Vv''^?.:^' 
(nMOS) 1 1 2Ol¥,»COV>T[l2fi.t>'05tCj;D 



TMmt&^mm 1 7 1 -ftfl<)tcffM$ii/c n * m.<r> v v 

9'-^(r)Y- vmm\9 (n^^mz n* soy -xmwm 
mi6timf&^tLX\>^?>. ^vx. \'u^yi!iMmmi 
7 ait v-xmmm 1 6(r)mc^^=i^iHm 1 5±i,zr 
-vmmmiairitLxy-hmwi 9iimss.^ixx\^ 

l>« y—hV,^l 9TO'>x/I^J^l 50^®A^'^-v^- 
[0044] iJt, f--r^-;Pffli^cOTO'^x;P^l^ 1 5 

1 6(^mm^x$i^x . v-xi&mmmi e^mt^xo 

mcO^-r^JT7tt'>-yh2 5:im^^flX^^^. 
ZCOP* McO^+'JT;Ky-y h2 5{±. Mi-Jf ^Tvlt 
XmzX 0 J^Bic-t-g. v{)i-e# S , ^ A- 'J TTtilr .y h 2 
Sti^ffilc:* tl,^^^^;l^tSJ: 0 tTiJ<0'^x;pfI«{ 

iz^ mmji^MEizm^x . ^^^Ji^mm^^m^M. 

[0045] ±feL/::p* ffiO^-vyr;K^ yh25-C 

< =S: s . H ^ ytmmm 1 7 a m 

tW Ltz t § iZ^^SL^^-jUii^ZCO^^ 'J -y h 2 5 

(cm* -g. , ia{±7e^*-;l^3&i^ A* y T#"^ y h 2 5 1 
^W^ixTV^^4S®&*i-. ia2£7)Tiat^3t5fcfe*-;l^ 
35*5^ U r dt^r .y h 2 5 t . f-^- 

$ n T t T U -i. :yt^.05K T- >- V- ^ 

^t'^:. -f-^^vHSiSTcO-^x/l^tfji 5rtO 
^■^^ U TTii-y-y h 2 5 <?)#iffO«^iBjSifBDh>-KT->>' 

[0046] EI6 (a) , (b) ^#BSLT±fS 

O^fjtomiaii^ Srffl V C M O S -f - i^'-fe >-+?-c7)^ 

Wsoli^icoi^^-ciSBj-r-i., me (a) (i, *^H3o^ 
iS<o?g®t-fc c M o s — i^-fe y-i-cDms^m&M 

He (a) iZ^-tXoiZ^ ClOCMOS-^^- 

[0047] tfz. mm^im (VSCAN) OlEill 
^SHISSl 02Rt/VU-fym& (VDD) OlEU^S 

0M1 0 3*qi^«^l^s:6^^T'-?■^o:£:&^=i^a$i^-^v^ 
I.. ^Tttic^f:^iii]t:M^±rc7)#{iiHSi 0 ii^oMO 
s 1 1 2coK^-f >-t, Ku-fyfl:JE(v 

D D ) C7)|gi!,^^li||f§ 1 0 3;6-^^Tft{;-0-roT"CV^ 
I, H 1^ -< 2 2a. 22b ifi^tl^timm^ 

tixi^i,. 'nntz^nyri^izm^^xcommm 

lOlF^OMOSh^^'i^.X^l 12C0y-hlZ. SH 
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11 -'v4">-r-Ci.>'!.3Eii:$:Sfi-^fft*^^2 1 a. 21b 

[00 IS] -^fz. 'imi,z^yj\6]i,z^^^xcr>mtLmm 

1 0 1 i'>j;')MOS I- '7> 1 1 2oy-XA<?iJft{:: 

5t>:;':.3ili;il;+)*f;2 0a. 2 0b(Ctg^$ix-Ct^l>. ^ 
^naj 'JtJ 2 0 .1 . 2 0 t> (i.^lJfttC^^ 4 X y-f- 1 L 
-Cf:)MO S I- -;7> 10 5a. 1 0 5 bfT) HU-^ >- 

(ltt^:!i;y^A+I?S7 ) 2 8 a. 2 9 a 1 
t^irCl '^. -f -/-M 0 5 a. 10 5bC0>-'-h 

('hi^tiffiL'rA-^JJHT) 2Sb. 2 9 bti'KT^Sfi 

^ ( 1 1 s c A N ) omi^ti^nn 1 0 4 (ctgis^^it 

[ 0 0 1 9 ] i/^, frX -f v-M 0 5 a . 1 0 5 biOV 
- X ( 7tl»:ll'.f^^!l;t»Js7 ) 2 S c . 2 9c ti^tjao^ 

maij)*; 1 0 u srifli L-:oiii#.fS"aj.-^ i o i^zj&m.^ixx 

t . WJ o . ft 'P PMit^ 10 1 |*I£OIVI O S h ^ yj/X ^ 

1 1 2£')v-7.{j;7i:7gjfcisi 0 6(ctt^$ix, ffl^miii 

1 0 6(-.J;»;}n^"5il^.. 
[0050] *iitTfe4ifS" ( V S C A N ) &t^W^3S 
(t-^ ( H sc AN ) CIJ; 0 , 3*;^, ^mfiffi^OMO S 
h7>>.x.^l 1 2 5:BRKL-C7ti07vWa:(:Jt<?!|Li^cB!«! 

ftii^ (voul ) Aits7*ai$iti., iietfoiotc, 

B* 10 1 {iS;>t^^ .'T- Kill at^ M O S h 7 >- 
X^J'l 1 2-Ct8c!t$iL^c7.)-C\ a*iO^:Ji-2:CIVIOSet 
ffi ^ ffl V >-C fS.^ 3 v //f * , fi! T , ±ie®«gp 
^ t . 10 2-104 mf'mM.WM 1 0 6 

[00 5 1 ] [16 (b) (i, *|^Bflt::f^SCMOS>f 
;/^-\--h$r^-^- p^£7)r>x/l,-mis!«l 5Srfflv\ 

3tft^t^:a}ffl I- 5 > .^112 n M o s (nm^ tC ii 
JtSSS^ - tf aifflPal (Wm\Vi - ■ • .t I > d J; -5 0 

[oo52]ccoi:i=, mw.m.mi^<nmmz.\^'^x^ 

f4M^ 10 1 c7)>!7xyl.^a{ 1 3n(^i^^^y>'^)Vti^'mL 
^hW^-\,Z^\^Xi,. 07, US. miXll9co,-KT->'5^ 

«1 0 ll^c03tm-^^!ilfflMOS h^^^vX:^' 1 1 2£7) 
«^I-«E^ftt^cov^Tlll 0{:iK-r^^^7?r#H3t^ 

*>ii>[5i«f(-ijiH^-r^, 

[0053] ll77^S09(Cfc»,^-C, 
7 ( a ) . 08 ( a ) . 09 ( a ) (±, ^iX=^'ix\%)m 



) ^tPffl^ 1 1-1 9 5 7 7 8 



( b ) . ms ( b ) . [29 ( b ) (i. ^fl^'iiff ttj^ral 

(^jj,wb) . mm^, g!aiw^(cfc(t4[i5tfOE-E 
( 0 0 5 4 1 *-r. \%\mm<x. 

[0055] wm\m\'^^\'io<n\t. <'K(rmwm\izi^ 

AT 0 T-^y y h 2 5 LTllfJt^jtl^«?t^«W 
■thtzihX'hi>. EP-*?, ^a$ix7t:3t^4mM=^itt^B!?; 
Mfi-t i: LTIX 0 ai L . JSg^tt^i -S. V x'^rKih-T 
l./ctf?T'$)l., ^coii-^. h'U--f 17 a, 

- vmm 1 9 s.t/^y-xt£t5£ffl«{ 1 6 tiisot&ffmEE 

a. 2 2b{C*^j+5VO«JESr«*&LTh'b-^>-6£HiM 
1^1 7a{;EnJnL, VSCANfit^i^2 1 a, 2 1 blC 
|itj+5Vc7)mE^ft*&LTy-h«®l 9tcMD-r^. 
* h«1® 1 9 (CT.-J+ 5 ViOmJE^EPJO-r^ ^ t 

[0056] CKJOmjEEpjDti, 07 ( a ) , ( b ) 
■ri^tC, pnif^^3$yWTXL, '>i;l.-IHJSl 5rt 

co«iiL>?)iNp,i^i/pffli^^jiL-Cp" soafi^i i:^ 
f6iC|6]< idtc-ri). iixtciO, '^oi/i/S^i 5^co 

5 a, y -Xfi£t5cffl^ 1 6 ^ K 1^ ^ >S£fi!clSJS 1 

7*^^>Sfm$ixl., 5t^m?sfA«=>f-r iJT--K^-y 

h 2 5 A-'^Sf tU $-^l> ; i; S . 

[0057] ^S«?^*<S^ai$il7^.;f^-C'{i':'X;I^JS 1 

5(±S^-fl:L7i^^p.t$>4, iiSLi^vrJ; o'^rtnffi'fm, 

j;-g..?nj(t# (kTc^^) if^^-r, m^.mxhh. 
if), ^yi- y T^zmm^tifzwzmmm^izmmT^ 

[0058] ±Wizx 
/\^m.m 1 5 I*ic7)^ ^ U r--K>- v h 2 5 $-ti:l> ^raT 

•e$>i.. ^ri3. z<7)mm^x'i±^w-m^mms^m.x'<7) 
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(10) 



11-19 5 7 7 8 



(C. VDDfitf&|S2 2 a, 2 2 b^ilLT. ^TO#(2 
iSSl 0 l|*)<73MOS h^Vv'X^ 1 1 2(7)VU^ yi&. 
1 7 t-M O S h !7 Vi^-^!. L 0 tK^ + 2 

Ii2 1a, 2 1b*:iitT. ?iJ»tCMO S h-^VvX^ 

1 1 2<7)y'-h(,ZMOS h'y >"J:^>.9ii</} y h:^y^m 
?:mm-hJ:o^j:i&v^mR^mn-tt. Z(7)J:dlz. tit 

[0059] yimmm l 7 a 'Vi7)«EEnJlItC J; 

^c7)^igi imi^zmhfz^ix^fz^. ^^}vm.mi 

^W^-Kl 1 liO-^x/l-fijii 5t:l:^-iEfLM*^'^ 
[0 0 6 0] mos h7>->''x^' 1 1 2<?)y- 

KjL, et>m(i<^®<^oTl^^^-V'JT--K^;/h2 5 

tc^a^ixi.. ^tfom^-Srias (a) . (b) ic^-r„ 

[006 1] #«Wr^T'£7)3t5^7l^-/l-C75^l!l{±pMCO 

[0062] ffe«::^-t:'fflt ^ibixTv >^ y^vy- vm. 

mmmx-i±. mi ( c > t^^^j; a ^^(^5^^^ 
mm\,zx^^nM^'^'^^^^-ivmmziih^y-yi^ 

«±, h^y'J:^^(r>-)-^:^-)ummii. mil (a) iz^ 
mi (b) (c^-Tidt. h^VvX^J'coy-hS.l/ 

^'thizm^^j:^\ m-^x. m^zmmizmm^tL^z^-^ 
')Th. m^^mr)mx.-rLx^m:^t^j:hztit^£ 
<, mmi}-i^cn>/^x^-!if^m\-t^>^tt)-x-^i>. 
[0063] iiEtt5ffi®{i, mm^tifz^^v.mzm'^ 
<mmn (vout > ^m^tz-tmmx'h^, 

tiifflMOS h^^i/X^ 1 1 2^y-X7^0'7lH]S&h 
L-Cij^-^^-fr, B^!Mfi^ (Vout ) ^n^ij-t^, ZCT)^ 

Mos 1 1 2*»'iafP^®TI!jf^-r^J; 

aiC. VDDet^&|g2 2a. 2 2 b t J; 0 . ffttt^MO 
S h^Vi^';:^^ 1 1 2c7)F^-<ytCJl-^+2 — 3V5gS 
iOmE^EnjD-ri>i:i:i>tc. VSCAN«*&J«2 1 a. 

2 1 blcj; 0, ?iJff(clVIOS h^^i^'X^ 1 1 2<7)y- 



hi,z}i^+2^3vmmc^MJ±imu-t:^, ^oAz. yt 
j!g 1 0 6 ^:if^mLx—Mcr>m&^i^i'X o iz-ti> . 

[0 064] tz^x\ z(7)mtiim^cr>mmcommmm 

V ^ . ^^±9Mi}^^ u r^i^ir -y h 2 5 1*1 izwm $ i\ 
I. h . mmm^zm tx 7 ^./p $ \y^)ViTmt l , 

2 "5 k.'>zwMwm>m^^ix. wMmmnx^^ u r--K 
^r./ h 23t\\,zwm.^ivtzw^^^-)V(^i.)i^^m(^ 

[006 5] iOJ^. ^•rijr;Ki>--y h2 5±iO^H 

\-^fzih. mM^zmmmi^"^^ . mm^^mm^^t^ 
z.<ni.'j\z. ^-^■^^f\mm--mz'^^%mfi^ 
mcTiW^^^zmmm^Mif^'cx^^htzih. lai ot 

^■Ti^tc, T^^t^ajfflMOS h^Vi/XiJ'i 1 2 {4 

[0 06 6] ta!oT, ^tft^l^iiifflMO S h ^>'i''X^ 

1 1 2 «0#«ffilca^iO»jft«JE ^ Epjni-I. , h 7 > 
i/'x^J-l 1 2{4fg^ttffiT«^-l., ^cn>h%. h^y 
v-XrJ'l 1 2{i^meS«i'f^i:j;^y-x:7^n'7[Hl^S$: 

m^Lxi^^cr>x\ nmmi^mizj: y)v^y=j7.^ 1 1 

2 J; a ley- h - y-x^c^mfiH 
1119 (a) . (b ) t^-tJ:at3, 

y-x«{i*<i« < , ;£7)y-x«{ic7)^MkS:B!«!fSfi 
-^a:^)i 0 7tcai^)-^s, 

[ 0 0 6 7 ] ^rfc. ±M<m\mi'^i:i!K.cOX o izmUL 
TLJ;t^, au^. 121 Otcs^-Tct at:. ^fl-^^mfflM 

osh^Vi^'x^'112 itmmMxm'p^ ^ tz^ . y 

i^^y- y-xr^iomiSHtiy— hMM i 9 T^A^'j-y 
V- ^ /PT"*^^ $ ix . ffiW^m^z J: 0 P SCO X 
1 5i*it:{4y-xfi£iXMJSi e^\^(n'm^ifi^^'th. 
[0068] U-oX. %^ii-^-Mi.^/~Xim.mMl 
eWi&cny :!.iv^nML^JL<r>-}i^{z^it^^hif. «g£ 
mi^<n'^'mmA o etcj; 0;^S$ixTv^l./ii6. y 

119(a), (b ) tc^^l-ct ate. y-xme (V 

[ 0 0 6 9 ] cttic i D . %mMmzitm\^fzmm.m^ 

(Vout ) Sr#SCi:*JT#-i>. .r^OJ*-^, 7^5^^^- 
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-e. 01 2 ( a ) . ( b ) tcTF-r J; o (c. y~ h^mm 

1 8§M'vc7)5£«{i, ^-s- 'J Td-'^ y h 2 5±0:>-'- N 
■V U Td^ir .y h 2 5«0fflmS.t^"«$t3J; ot^aiis^^z^ 

[00 70] Li}-L. zcDtkm^mif^fm^m^tM. 

Tgil7^>riS!S]g^ai**^figi:^rS. 116 (a) , 

[007 1} iX^^X\ hyy'JXi$^cr)y~hmMl9l,Z 
iS:\.^y~ h«ffi$- EnSo L , K l^^ ^JfcgJc^ftg i 7 a C h 
^ yi/X^iOfOfPtC^-^^^lJ 2 — 3 ViTDttJE ( V D D ) 
S: epjot--!. . Z<7)b^. <^x;U^i^ 1 5 ii^^it L , K 
l^^ yiUMmmi 7 a*>^>y-;^t£i!tMl^l 6t:i|fi]**3 

m) ti^^t^t. ±fie«^{c J; 0 co^^^m^^T) o 

mizfK^^^ ^s.m^mm-^ ix^tti^tz, 
T,MosN5>'i^'x:$'ii 2<rm\m&t^'&^-th. 

[0 0 7 2] CIJl-C, y-hffiSl 91:M0S h^y^-' 
X 1 1 2 ^igaW^^TfSf^ L a •!. *-J 2 - 3 V £0^"- 1- 
mffi^rEpjnL. Hb-O-teSJc^l^l 7atCMOSh^y 
1 1 2*<»f^Ld-i.*>j2~3V<7)ffiEVDD$rEP 

[00 7 3] MOS h^y^-';?,^ 1 1 2<7)V- 

1 6 1 0 6 ^if LT-^<7)«Bri 

Srffi-r. <I^^^wJ:0, MOS h5>'i^'>!^:? 1 1 2{iV- 

M O S h 7 >- v-'X ^' <7)raffiSEEcOS!»t;3a^ L T V - ^ 

0, ^MmzYcm\^fdim.\%^ (vout ) ^ixoai-r 

[0074] m±iO J: -5 {2. ^ico^Bjio^JScT)^^®^; J: 
'>)T--Ky y h 2 5 ^f-A-^^^P^lsgT^O-ai^iStl^ltT 

1 o^z^^x 0 iz. hyyi^'xi^^i^m^x-mi^^-it 



[0075] ^ris. la 1 3 ( b ) {c^F-rta!*0iJ«O B C M 

D Miif*ti^.3g^ io*^-^ . mrk-msmmt 3 ®«iti± 

^T^r^ ^- H 1 1 .1 i: mm^.\^muo sv^ wx 
^ 1 1 2 i: ^m'=i\.zm^x\^h<r>x . y^hy- hmm 

^i05»fO J: ^ =5r^aT^tc J: t^yt^m'^itc^mt 
[0076] ^Z::, 3g^*ilS{l, S3lcr>f ^- H 1 1 1 

^hMx-n^^tiab. mnm?:\^±x'^h. $4,12^ y 
m\-ti>ztt^x'^i>. ^jo. ±fsiiJs<^j^®.T'{±, p 

M<7)'^xyW^JS 1 5 tc: P * -\' 'J T^^^r .y h 2 5 $r 

iStfC;n-;P^W«L. nMOS h^^v-'X^ (3tft-^ 
©lajfflMOS h^yi/x^) 1 1 2tcJ: D3l£m^?r^tiJ 

^ (5tfi-^«iaifflMOS h^yxX^) (CiOTfe^^^ 

[ 0 0 7 7 ] i/:: . Il«sa^;«^c7):^f*i7)filSS^-r[l 
6(a) {cfcl^T, JfJiiWOT', y-hm^l9«^)+ 
5 Vc7)®±S-E|lAD-r-i. C: 0 f-+^yUMl^$:^jl$ 
-tirT H l/'f yteSX^lS 17a tcEnjD$iX/i*^J+ 5 V£r)m 
aSr-^cTj^ iV-xiSiftM^l 6l:EMp-f€.J:^{:LT 

X|i£tjj«tts 1 6 (cf^J+ 5 VcomjE^fft*^-r S J: ^ 

[0 078] $^>tc. ±i5ia«saffi«^^io^«sc?)fi«^ 
^•r06 (a) ictjv^T. nmm^tLx^m^m^m 

y-xsiaAJ^-ftr-?. t . -eco^-fktcj: 

iy^x'^h, tfz. ^mm.M'^^a.nmcomiz. v-xy 

[0079] 

mmco^^] vj±coj:oiz^ :^mmizi^^mmmE.^ 
m:^<^mi^m.mm^^zm^xi±. ^j^fummiri^mi- 
•s^Ttr-f yf- i^ti^mr- hmm^r^^ vyy'jx9 

)vw^n(^y-x^mmmn-&<\.zwm.mm (^^ 

[0080] Z(Dfzi^. ^^y-! h'gPT'^^L/ijt 
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») 

mm^^l 1-1 9577 8 



im.i^:?m{mif:mT?:im^^ ztt^x-^ . mo sm 

-fx - i^'-t > t»-c7)ttijleS: C C DM-f ^ - v-'-fe >'-9-iOtt«g 
l.U|-.(irjl|-r-?.>I>:^'T-^-S, 
[0081 ] ifc , ^-/L«TW- 

ziLic J; ■) . 1-7 > :9 i:^mvm-c-ni'^^-^t^ Z t 

L T t ^ ^ ^r:- . ;a: ^fcl^.iEfSrt - J: S HUmjEoSS-fbSr V - 

[ 0 0 S 2 ] ? (I , ^-ftSElcii. ^- K 

(t-^r^ Hi W M O S h -7 > v'X 5' i: T'^T 
I^n^srliq I.T'i^S.. t.tz. Y-hWE"^^ 
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